The effects of exogenous melatonin on reproductive performance of 737 Polypay and Polypay-cross ewes were evaluated during a late March and April breeding period. Different concentrations (2 or 10 rag) routes of administration (fed vs implanted) and durations of administration (20 or 40 d before breeding) were studied. Estrus was synchronized in all ewes using 60 mg medroxyprogesterone acetate (MAP) in a vaginal pessary. Number of mature ewes lambing/ewe present at lambing was increased (P < .05) nearly 20% by implanting for 40 d with melatonin (75%) or by feeding either 2 (72%) or 10 mg (73%) melatonin for 40 d before spring breeding compared with untreated control ewes (54%) or ewes implanted for only 20 d before breeding (58%). Date of lambing, number of iambs born/ewes lambing and number of lambs born alive/ewe lambing were not altered significantly by treatments. Number of yearling ewes (n = 166 for ewes 1.5 yr old at lambing time) lambing/ ewe present at lambing was lower (P < .01; 26%) than that of mature ewes (n = 381, > 2.0 yr; 68%). We concluded that feeding 2 or 10 mg melatonin or implanting melatonin for 40 d enhanced reproductive performance and effectively overcame the restrictions of seasonality of breeding in mature ewes. In yearling ewes, 10 mg melatonin increased the number of ewes lambing.
Introduction
Seasonal anestrus limits reproduction in ewes. Daylength is the major environmental cue influencing seasonality of breeding (Turek and Cambell, 1979) , and the pineal gland is recognized as an important mediator of the effects of photopcriod in many species (Turek et al., 1984) . The pineal gland is required for induction of estrous cycles in ewes exposed to an 8 h light/16 h dark (8L:16D) photoperiod (Bittman et al., 1983) . A major pineal hormone, melatonin, has a diurnal rhythm in ewes (Rollag and Niswender, 1976; Kennaway et al., 1977) and is increased by length of darkness (Rollag et al., 1978) . Blood concentrations of melatonin increased about 10-fold at night compared with 1 The authors express their appreciation to H. Frederiksen, B. Gardner and D. Willes for technical assistance, to G. V. Richardson for statistical advice and to Vicki Gunter for secretarial help. Gene Link Australia, Inc., New Brunswick, NJ generously supplied melatonin, melatonin implants and assistance in funding temporary labor. Dr. Raiti with National Hormone Pituitary Program, Baltimore, MD supplied the pituitary hormone. Mention of trade names of companies does not constitute an implied warranty by USDA or the authors.
concentrations during the day (Rollag and Niswender, 1976 ). In addition, exogenous administration of melatonin successfully altered seasonality of breeding in ewes (Kennaway et al., 1982; Nett and Niswender, 1982; Arendt et al., 1983; .
This experiment was designed to evaluate the effect of different concentrations, routes of administration and lengths of administration of melatonin on reproductive performance in ewes bred during late March and April to facilitate falI lambing.
Materials and Methods

Experimental Treatment and Animal Management. A total of 737 Polypay and Polypay-cross
(1/2 to 3/4 Polypay) ewes ranging from 1.5 to 10 yr of age at time of lambing were stratified by age to five treatments as follows: 1) controls, 2) 2 mg melatonin 9 head-1 (hd) 9 d -1 supplemented in the feed for 40 d before breeding, 3) 10 mg melatonin -hd -1 ~ d -1 fed for 40 d before breeding, 4) four 18-mg pellets of melatonin, one implanted each 10 d beginning 40 d before breeding or 5) two 18-rag pellets of melatonin, one implanted each 10 d beginning 20 d before breeding.
All ewes were supplemented daily with approximately .453 kg of commercially prepared alfalfa-barley (1.1) pellets and group-fed by treatments at 1530 to 1600 from February 11 to March 23 (40 d). Ewes in Treatments 2 and 3 were fed melatonin during this period. Melatonin was incorporated into the alfalfa: barley pellet by mixing either 4 or 20 gm melatonin per .91 metric ton of feed with a batch mixing system to provide 2 or 10 mg melatonin per .453 kg of pellets, respectively. The melatonin implants (MI), Regulin | were biodegradable pellets containing 18 mg of melatonin. These implants have been shown to maintain plasma concentrations of melatonin above 1,000 pM for 10 d (McPhee et al., 1986) . The melatonin implants were inserted subcutaneously near the base of the ear with a Ralgro | implant gun 7 at 10-d intervals.
Ewes were weighed 6 wk before breeding, 2 wk before onset of breeding and at the end of the 41-d breeding period. Ewes were maintained in the feedlot on 1.4 kg 9 hd-I . d_l alfalfa pellets for 3 mo before the onset of treatments. At 40 d before breeding, treatments were initiated and the feeding level was increased to 1.9 kg alfalfa pellets 9 hd -1 9 d -1 until the end of breeding (May 3). Ewes then were managed on spring and summer range forage until 1 wk before the onset of lambing (Aug. 15). Ewes were fed 1.6 kg alfalfa hay 9 hd-: 9 d -1 and .9 kg alfalfa pellets and whole barley (1:1 AB) 9 hd -1 9 d-: during lambing. A total of 37 ewes were deleted from the data set due to sickness, lost pessaries (described below), predation or death from unknown causes. . Semen of sires was tested prior to the breeding period. Semen was collected by an Ideal Electrojac 9 and evaluated for motility and morphology and assigned a score from 1 to 5 where 1 = very good, 2 = good, 3 = satisfactory, 4 = poor and 5 = very poor according to Hulet (1977) . Only rams with an overall semen score of 3 or better were used. Three mature Polypay sires were used in each pen to reduce potential exhaustion of rams and to achieve an approximately equal ram to ewe ratio in each breeding pen. Rams' briskets were painted daily with a mixturre of oil and red pigment to facilitate detection of estrus. Estrus was recorded daily for the first 10 d after rams were introduced by observing raddle marks on the ewes.
Blood Collection and Assay Procedures.
Blood was collected by jugular venipuncture on day of pessary removal (d 0) and on d 1, 2, 3 and either 10 or 11 after pessary removal from ewes in synchrony groups 7 and 8, which were a sample of Young and mature ewes from each treatment. On d 18, 19 or 20 after pessary removal, jugular venous blood samples were collected from all ewes. Blood serum was harvested and stored at-20~ until assayed. Samples taken on d 0, 1, 2 and 3 were assayed for ovine follicle stimulating hormone (oFSH) by a double antibody RIA (Bolt, 1981) . Reference standard was NIMADDoFSH-15. The interassay (n = 4) CV was 7% for known serum samples assayed at 50, 100 and 200 /d. The average within-assay CV for those same samples was 4.5%. Samples taken on d 10 or 11 or d 18, 19 or 20 were assayed for progesterone (P4)by RIA as previously described by Fitzgerald and Butler (1982) . The interassay and intraassay CV were 26.2 and 24.4%, respectively. Serum P4 data were used to estimate the incidence of ovulation after synchronized estrus in a representative sample of the ewes. Ovulation was considered to have occurred if P4 concentrations were .7 ng/ml or greater on d 10 or 11 after pessary removal. Percentage of ewes pregnant to the synchronized estrus was estimated from P4 levels measured on d 18, 19 or 20 after pessary removal in all ewes. Conception was considered to have occurred if Pa concentration was .7 ng/ml or greater.
Statistical Analysis. The dependent variables, number of ewes lambing/ewe present at lambing, number of lambs born/ewe lambing, number of lambs born alive/ewe lambing and date of lambing were analyzed by least squares analysis of variance (Harvey, 1975) , with age, breeding pen, synchrony group, treatment and associated interactions being considered as independent variables. Separate analyses, initially run for Polypay and Polypay-cross ewes, were not different upon initial evaluation. In the next analysis on number of ewes lambing/ ewe present at lambing, yearling spring-born ewes were compared to older spring-born ewes because there was less disparity in number of ewes in each group than there would have been if all mature ewes were used for this comparison. Treatment effects were analyzed separately by age group. Number of lambs born/ewe present at lambing for the yearling ewes was analyzed by chi-square (Ostle, 1963) . Analysis of the data for mature ewes to evaluate season of birth included the effects of treatment season of birth and treatment • season of birth. Season of ewe birth (spring vs fall) for mature ewes (~ 2.0 yr) did not affect performance, so this variable was not used for the analysis on mature ewes. Tukey's Honestly Significant Differences test was used to compare treatment means. Confidence interval values (CI, 95%) were calculated to provide an appropriate estimate of variation for the binomially distributed data. The effects of treatment on incidence of cycles and pregnancy were analyzed by chi-square.
Results
Body weights measured at the onset of flushing 6 wk before breeding, 2 wk before onset of breeding and at the end of breeding did not differ (P = .19) by treatments.
Young Ewes. During the spring breeding season, number of ewes lambing/ewe present at lambing for yearling spring-born ewes (26%) was less (P < .01) than that of spring-born ewes older than 1.5 yr of age at time of lambing (68%! Table 1 ). The treatment • age interaction was not significant (P = .14). Number of yearling ewes lambing/ewe present at lambing fed 10 mg melatonin was increased (P < .01) compared with controls (42.1 vs 8.1%), whereas the other melatonin treatment groups approached significance (P < .09; Table 2 ). Further evaluation of reproductive performance of the young ewes was not conducted due to the low number of ewes that lambed in most treatment groups.
Mature Ewes. Incidence of synchronized estrus was increased (P < .05) in mature ewes receiving 2 (75%) or 10 mg (71%)melatonin in the feed and all four melatonin implants (71%) but not in ewes receiving only two melatonin implants (59%) compared with control ewes (59%; Table 3 ).
The percentage of ewes that ovulated in response to MAP treatment as judged by P4 concentrations of .7 ng/ml or greater on d 10 or 11 after pessary removal, was increased (P < .05) by feeding 2 mg (58%) or 10 mg melatonin 9 hd -1 9 d -i (85%) or giving four consecutive implants at 10-d intervals (67%) compared with untreated controls (42%i Table 4 ). However the proportion of ewes ovulating was not increased by giving two consecutive implants (41%) at 10-d intervals. The percentage of ewes pregnant to the synchronized estrus based on serum concentrations of .7 ng/ml or greater on d 18, 19 or 20 after pessary removal was lower (P < .05) for the control ewes (40%) than for the melatonin-treated ewes (Table 4 ). The percentage of ewes presumed pregnant 18 to 20 d after pessary removal in the group receiving two implants (54%) was not different (P = 2) from that of ewes fed 2 mg melatonin (59%) but was lower (P < .05) than that of ewes fed 10 mg melatonin (67%) or of ewes given four melatonin implants (68%).
Number of ewes lambing/ewe present at lambing after spring breeding of mature ewes was increased (P < .05) by feeding 2 (72%) or 10 mg melatonin (73%) and by four melatonin implants (75%), but not by two melatonin implants (58%), compared with untreated control ewes (54%; Table 3 ). Average date of lambing for ewes on each treatment was not affected by treatment (P = .99); dates were within 1 d of each other (Aug. 27 and 28).
Number of lambs born/ewe lambing and number of lambs born alive/ewe lambing were not significantly different (P = .11) among the treatment groups (Table 3) , even though they ranged from 1.32 to 1.59 and 1.25 to 1.51, respectively. Mean serum concentrations of FSH were not different (P > .10) among treatment groups (n = 12 to 21/treatment). Concentrations of FSH ranged from 13.0 to 18.9 ng/ml across treatments on d 0 (pessary removal) and were approximately 3 ng/ml less than d-0 concentrations on d 1 and 2. Folliclestimulating hormone had returned to concencentrations similar to those on d 0 by d 3 after pessary removal. Behavioral estrus was generally observed 2 to 3 d after pessary removal.
Discussion
Melatonin has been shown to aher the time of year estrous activity is exhibited in sheep by bringing ewes out of anestrus early (Kennaway et al., 1982; Nett and Niswender, 1982) or by extending the breeding season (Nett and Nis- b95% confidence interval (CI) value is the largest interval from the mean.
C'dMeans within columns without a common superscript differ (P < .01). g'hMeans within a column without a common superscript differ (P < .01). wender, 1982). More recently, it was reported that number of ewes lambing (Luhman and Slyter, 1986; and in some cases the number of lambs born/ewe lambing (Luhman and Slyter, 1986; , was improved in melatonintreated ewes bred from May through June. This study is the first extensive trial, to our knowledge, to show that number of ewes lambing/ewe present at lambing can be improved by feeding or implanting melatonin before breeding in April Season of ewe birth (spring vs fall) for mature ewes (n = 514) was evaluated but did not affect any of the reproductive variables in relation to treatments with melatonin. We are unaware of comparable data based on a relatively large number of ewes. We expect that season of birth of ewes will have little effect on reproductive response of ewes to treatment with melatonin and bred out of season.
This study demonstrates, on a large number of ewes, that providing a continuous dose of melatonin (implanted) for 40 d prior to spring breeding is as effective as feeding melatonin once a day in late afternoon. This is in contrast to Tamarkin et al. (1985) , who postulated that optimum results should be achieved by feeding melatonin in late afternoon, which should mimic the endogenous circadian pattern of melatonin secretion seen by Rollag and Niswender (1976) . These observations support the conclusion of Nowak and Rodway (1985) that continuous melatonin administration can mimic the short-day effect on reproductive responses. However, continuous administration for only 20 d before breeding did not increase the number of ewes lambing/ewe present at lambing above control ewes. Apparently more than 20 d of melatonin is required, prior to breeding, to enhance fertility at this time of the year.
The percentage of ewes with elevated serum concentration of progesterone on d 10 or 11 after pessary removal is interpreted to indicate the incidence of ovulation and development of corpora lutea. Feeding 10 mg melatonin for 40 d resulted in a higher incidence of ovulation than feeding 2 mg melatonin for 40 d, but fertility was essentially the same for all groups treated with melatonin for 40 d. Perhaps an increased number of ewes had silent ovulations, or fertilization rate was lower, or early embryo loss was greater in the ewes administered the higher melatonin dose. The incidence of ewes judged pregnant by increased concentration of P4 (.7 ng/ml or greater) on d 18, 19 or 20 post-pessary removal was greater for all groups treated with melatonin. From these resuits, it is tempting to speculate that the incidence of embryo loss in the ewes was increased by melatonin implants for 20 d because fertility was similar to that of untreated control ewes.
Number of lambs born/young ewe present at lambing (1.5 yr of age at lambing) was less (P < .01) than that for spring-born, mature ewes (2.5 to 9.5 yr old). Ainsworth and Wolynetz (1982) also reported lower fertility among 6.5-to 7.5-too-old ewe lambs compared with mature ewes when ewes were bred following a synchronized estrus. These reports suggest that yearling ewes should be managed independently from the older ewes and that a different management scheme may be needed to integrate young ewes into an out-of-season breeding program. There was a significant difference (P < .01) between control ewes and the ewes fed 10 mg melatonin. Although the yearling ewes responded to the treatment, further investigation is required to improve out-of-season breeding in this age group to acceptable levels.
In mature ewes, the melatonin dose of 2 nag (similar to that fed by Kennaway et el., 1982) was as effective as the 10-mg dose fed previously (Stellflug et el., 1988) . There was little or no evidence of a dose-response effect on number of ewes lambing/ewe present at lambing in our study.
Number of ewes lambing/ewe present at lambing followed the same pattern as the incidence of estrus and pregnancy by 10 to 20 d after pessary removal, respectively (low in control and two-implant groups compared with groups fed or implanted with melatonin for 40 d), which indicates that most ewes conceived to the synchronized estrus. This is supported further by lambing date information, with mean lambing dates of August 27 to 28 for all treatments. Waller et el. (1988) reported a beneficial effect of using estrous synchronization and melatonin together, but they used pregnant mare's serum gonadotrophin (PMSG) in conjunction with norgestomet to synchronize estrus, whereas only MAP was used in this study. The increase in number of ewes lambing/ewe present at lambing by 40 d treatment with melatonin agrees with the report of Nett and Niswender (1982) that, based on levels of P4, treatment with melatonin can extend the breeding season. These results further indicate that treatment with melatonin can be an important method for increasing reproductive performance in the spring. Melatonin also can advance the onset of the breeding season (Luhman and Slyter 1986; Stellflug et el., 1988; Waller et el., 1988) . ~ Number of lambs born/ewe lambing and number of lambs born alive/ewe lambing did not differ (P = .11)among treatments. Likewise, there was no difference among treatment groups in average serum concentrations of FSH for the day of pessary removal and for 3 d after pessary removal (the approximate time of estrus was 2 to 3 d after pessary removal). Apparently, if the beneficial effects of melatonin on fertility were mediated through FSH, the effects were not of sufficient magnitude to be detected in the peripheral circulation. Although FSH remains relatively constant in ewes (Hamernick et el., 1987) , it would have been desirable to collect hourly samples, which the working conditions and weather prevented in this case. Therefore, this is the best estimate 'of FSH levels after melatonin treatment around time of ovulation of which we are aware. Poulton et el. (1987) recently reported that although melatonin advanced the onset of breeding activity, it was not manifested through any apparent change in peripheral concentrations of FSH measured at weekly intervals. The lack of change in number of lambs born/ewe present at lambing and number of lambs born alive/ewe lambing after treatment with melatonin in their study was not surprising because similar results were obtained when melatonin was fed after artificially extended daylengths prior to breeding early-postpartum ewes in February and March . However, when early-postpartum ewes were bred from mid April to June 10, number of lambs born/ewe lambing was increased in ewes on extended daylength plus melatonin (SteUflug and Nett, 1988 ) and the number of lambs born/ewe lambing of untreated controls was similar to that for the control ewes in our study. The number of lambs born/ewe lambing of these untreated control Polypay and Polypay-cross ewes was lower than results reported previously for Polypay and Polypay-cross ewes when estrus was synchronized during the normal breeding season (Fitzgerald et el., 1985) . Perhaps the low rates of number of lambs born/ewe lambing in controls for our study were due to reduced ovulation rates associated with increasing daylength (Hulet et el., 1968) . The lack of significance in the differences among treatment groups for number of lambs born/ewe lambing in our study appeared to be due to the large variation among breeding pens (sires). This resulted in a large variance for testing the treatment effects even though the treatments were stratified across breeding pens. This variation was probably related to differences among sires in reproductive readiness for out-of-season breeding (Fitzgerald et al., 1988) .
This study was part of an ongoing investigation to use melatonin for increasing the reproductive efficiency during spring breeding for fall lambing under range conditions. In the intermountain region of the U.S., fall lambing would avoid death losses associated with unpredictable spring weather, and early weaning of fall lambs offers good use of winter ranges for nonpregnant ewes. The expensive harvested feeds which are commonly used during late pregnancy and early lactation in the spring lambing system, could be better used directly by young lambs because they convert feed to gain more efficiently than ewes. Breeding at times of the year other than in the fall also would help maintain a more constant supply of lambs throughout the year.
In conclusion, melatonin administered in the feed at 2 or 10 mg 9 hd -1 9 d -1 or implanted for at least 40 d before out-of-season breeding in April increased the number of Polypay and Polypay-cross ewes lambing in the fall. Melatonin should be of practical importance in overcoming the restrictions of seasonality of breeding in sheep and should allow more efficient production of iambs out of season.
